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Figure 1 Mean tibial position following ACL injury of the injured and
normal knees with the knee in full extension and 30 of ﬂexion. Tibial
position is calculated as the position of the posterior aspect of the tibia
relative to the epicondylar axis of the femur. * indicates p  0.0001.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A221P¼0.01 (ANOVA with contrast P¼0.01) (Figure 1). There were no sig-
niﬁcant correlations between KLG and the remaining 9 modes. Mode 1
was also correlated with age (r¼-0.343, P¼0.026) as was mode 3 (r¼-
0.644, P<0.001).
ROC analysis combining baseline KLG with baseline Modes 2, 4 and 10
signiﬁcantly improved the prediction of THR at 7 years compared with
baseline KLG alone (AUC 0.913 vs 0.824 respectively, P¼0.021). Com-
bination of Modes 2, 4 and 10 only AUC¼0.816.
Conclusions: By combining hip shape captured by ASM with KLG we
can signiﬁcantly improve the prediction of disease progression to THR.
Figure 1 Mean year 7 Shape Model; Mode 1 (M1) score versus baseline
Kellgren Lawrence Grade (KLG).
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KNEE KINEMATICS FOLLOWING ACL INJURY ARE RELATED TO
SPECIFIC BONE SHAPE FEATURES
D.A. Lansdown, V. Pedoia, M. Zaid, K. Amano, R. Souza, X. Li, C. Ma. Univ.
of California, San Francisco, San Francisco, CA, USA
Purpose: Knee kinematics are altered following ACL injury, with an
anterior shift of the tibia and abnormal loading of the tibiofemoral
cartilage. These changes have been suggested to contribute to the
development of post-traumatic arthritis. The factors that contribute to
kinematic changes remain unclear, including the role of bone shape in
post-injury knee kinematics. The purpose of this study was to correlate
kinematic abnormalities in the ACL-deﬁcient knee, based on kinematic
MR imaging evaluation, with speciﬁc bone features as determined by
Statistical Shape Modeling. We hypothesized that speciﬁc shapes of the
femur and tibia could predict abnormal knee kinematics in the ACL-
deﬁcient state.
Methods: As part of a prospective, longitudinal evaluation of knee
kinematics and cartilage changes after ACL injury and reconstruction,
imaging data for 48 ACL-deﬁcient patients (29.5 ± 8.4 years, 24.1 ± 2.8
kg/m2, 27 female) were evaluated after an acute ACL injury and prior to
ACL reconstruction. Exclusion criteria included associated ligamentous
injuries, meniscal injuries with anticipated meniscal repair or
debridement > 20%, history of inﬂammatory arthropathy, or history of
surgery on either knee. T2-weighted FSE images (TR/TE ¼ 4000/49.3
ms, slice thickness 1.5 mm, spacing 1.5 mm, FOV 16 cm, 512x512 matrix,
ETL 9) were obtained of the bilateral knees using a 3 TMR scanner (GE
Healthcare, Milwaukee, WI) and an 8-channel phased array knee coil
(Invivo, Orlando, FL). Kinematic images were acquired with the leg
axially loaded through a pulley system, with the knee in full extension
and 30 degrees of ﬂexion. Semi-automatic segmentation was used to
deﬁne the tibia and femur. The femoral condyles were modeled as
spheres, and the tibial position relative to the femur was calculated in
both ﬂexion and extension. The side-to-side differences (SSD) in these
values were calculated (Injured e Healthy Knee) to account for within-
subject variability. Statistical Shape Modeling utilized the bony seg-
mentation in the extended position of each knee. The statistical shape
model is determined individually for the tibia and femur to remainindependent of knee position. A vertex-to-vertex correspondence
algorithm is utilized, based on the local curvature, and principle com-
ponent analysis is used to establish distinct features of the bone shape.
The ﬁrst 20 modes for the tibia and femur represent 90% of the varia-
bility of the bone shapes. Paired t-tests were used to compare tibial
position values for the ACL-deﬁcient knee and the healthy knee.
Spearman correlations were performed between the SSD in the tibial
positions for the ACL-deﬁcient group, in extension and ﬂexion, and the
speciﬁc shape features of the tibia and femur. Signiﬁcance was deﬁned
as p < 0.05.
Results: The tibial position for ACL-deﬁcient patients and control sub-
jects (Figure 1) was signiﬁcantly more anterior in both extension (1.82
mm; p<0.0001) and ﬂexion (1.70 mm; p¼0.0001). The SSD of the tibial
position in ﬂexion was signiﬁcantly correlated with multiple shape
features: Femur mode 10 (rho¼-0.49; p¼0.0004), Tibia mode 2 (rho¼-
0.33; p¼0.024), Tibia mode 19 (rho¼0.32; p¼0.026), and Tibia mode 20
(rho¼-0.31; p¼0.03). The SSD of the tibial position in extension was
signiﬁcantly correlated with Tibia 20 (rho¼-0.29; p¼0.046) only. Each
mode is related to a speciﬁc shape feature, with representations of these
related modes seen in Figure 2. Femur mode 10 is related to the
sphericity of the medial femoral condyle, with a more spherical medial
femoral condyle related to a more anteriorly-shifted tibia. Tibia mode 2
is related to the height of the medial tibial plateau. Tibia mode 19 shows
changes at the anteromedial aspect of the tibia, anterior to the tibial
footprint of the ACL. Tibia mode 20 is related to the anterior aspect of
the lateral tibial plateau.Figure 2. Speciﬁc bone shapes represented by Statistical Shape Modeling
modes for Femur 10, Tibia 2, Tibia 19, and Tibia 20, showing the states
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A222correlated with (a) normal kinematics, (b) abnormal kinematics, and (c)
an overlay of the shapes in (a) and (b). M e medial, L e lateral, A e
anterior, P -posterior.
Conclusions: There were signiﬁcant associations between shape fea-
tures of the tibia and femur and abnormal knee kinematics in the ACL-
deﬁcient knee. Speciﬁcally, with the knee in the ﬂexed state, multiple
shape modes were signiﬁcant predictors of an anteriorly-shifted tibia.
Differences in the sphericity of the medial femoral condyle and tibial
slope are related toworsening post-injury kinematics. The relationships
observed here suggest that certain patients, based on their bony
geometry, may be at greater risk of post-injury kinematic changes.
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DOES DEPTH OF FOCAL CARTILAGE DAMAGE AFFECT THE RISK OF
INCIDENCE AND PROGRESSION OF CARTILAGE LOSS IN THE
TIBIOFEMORAL JOINT? e THE MOST STUDY
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Purpose: Prevalent cartilage damage is one of the strongest risk factors
for further cartilage loss and focal defects are especially at high risk for
progression, but it is unknown if the depth of focal cartilage defects at
baseline affects risk of incidence and progression of cartilage loss in the
tibiofemoral joint (TFJ). Our study aimed to: 1) compare the risk of
progression of cartilage damage over a 30 month period between full-
thickness and partial thickness focal cartilage defects; and 2) determine
if a TFJ compartment in which only a single subregion has a full-
thickness focal cartilage defect has an increased risk of developing
incident cartilage damage in any of other subregions of the same TFJ
compartment compared to TFJ compartments in which a single sub-
region has a partial thickness focal defect and no damage in other
subregions.
Methods:MOST study participants with available MRI readings both at
baseline and 30-month were included. WORMS reading was done for
cartilage damage, meniscal damage and extrusion, bone marrow
lesions, effusion- and Hoffa-synovitis. Baseline focal cartilage damage
was deﬁned as grade 2 (focal partial-thickness defect) or grade 2.5 (focal
full-thickness defect). In a subregion-based analysis, we assessed the
risk of cartilage damage progression, deﬁned as at least within-grade
score increase in a subregion with a focal defect, comparing subregions
with a baseline WORMS cartilage grade 2.5, to baseline WORMS gradeTable 1








Grade 0 or 1 500/13536 (3%) 1.00 (ref) -
Grade 2.0 or 2.5 224/927 (24%) 8.63 (7.09, 10.50) <0.00
*Adjusted for age, gender, and BMI.
**Adjusted for baseline effusion-synovitis, Hoffa-synovitis, BMI, age, gender, radiographi
bone marrow lesions.
Table 2
Risk of incident cartilage damage (occurring in subregions that had baseline WORMS gr
containing a subregion with prevalent focal cartilage damage (grade 2.0/2.5) at baseline
Cartilage morphology
status of a subregion









Grade 0 or 1 123/1668 (7%) 1.00 (ref) -
Grade 2.0 or 2.5 45/374 (12%) 1.72 (1.20, 2.47) 0.00
*Adjusted for age, gender, and BMI
**Adjusted for baseline effusion-synovitis, Hoffa-synovitis, BMI, age, gender, radiographi
bone marrow lesions2.0 as reference. In a second analysis, we included only TFJ compart-
ments that had one subregion with a grade 2.0 or 2.5 lesion at baseline
and all other subregions within the same compartment having no
cartilage damage (grade 0 or 1) at baseline. For these compartments, we
estimated the risk of incident cartilage loss (grade 2.0 or above) in any
non-damaged subregions for compartments with a baseline full-
thickness focal cartilage defect (grade 2.5), compared with the TFJ
compartments with baseline partial-thickness focal cartilage defect
(grade 2.0) as reference. Also, for both analyses we combined knees or
compartments with grade 2.0 and 2.5 cartilage damage at baseline and
calculated risk of further cartilage loss compared to those without any
baseline cartilage damage. Adjustments were made for potential con-
founders, including baseline effusion-synovitis, Hoffa-synovitis, BMI,
age, gender, radiographic OA severity (KL grading), malalignment,
meniscal damage and extrusion, and bone marrow lesions. For all
analyses, we employed logistic regression with generalized estimating
equations to account for correlations among multiple subregions/
compartments within a knee.
Results: 927 subregions (683 knees) were included in the subregion-
based analysis (aim 1). 300 knees (44%) had radiographic OA (KL grade 2
or above). There was no signiﬁcant difference between subregions that
had grade 2.0 and grade 2.5 cartilage defects at baseline for the risk of
cartilage damage progression in the same subregion at follow-up (aOR
0.74, 95%CI 0.50-1.09 for grade 2.5 lesions, compared against grade 2.0
lesions). However, compared to subregions with no cartilage damage,
subregions with either grade 2 or 2.5 cartilage defects had signiﬁcantly
higher risk for WORMS score increase at follow-up (aOR 8.20, 95%CI
6.72-10.00, Table 1). 374 compartments (359 knees) were included in
the compartment-based analysis (aim 2). 140 knees (39%) had radio-
graphic OA. There was no signiﬁcant difference between compartments
that had grade 2.0 and grade 2.5 cartilage defects at baseline for the risk
of incident cartilage damage in the other subregions of in the same TFJ
compartment at follow-up (aOR 1.26, 95%CI 0.59-2.70). However,
compared to compartments with no baseline cartilage damage at all,
those with either grade 2 or 2.5 cartilage defects in a subregion had
signiﬁcantly higher risk for incident cartilage damage in other sub-
regions at follow-up (aOR 1.70, 95%CI 1.17-2.45, Table 2).
Conclusions: Prevalent focal cartilage defects are risk factor for local
cartilage damage progression in the same subregion and increase
risk for development of incident cartilage damage in the same TFJ
compartment, regardless of the defect depth. Superﬁcial and full
thickness defects are associated with similar odds of progression
suggesting that even small superﬁcial lesions are relevant for
structural progression.artilage damage (grade 2.0/2.5) at baseline vs. those with no damage.
e Semi-Adj* Odds
Ratio (95% CI)
p-value Adj** Odds Ratio
(95% CI)
p-value
1.00 (ref) - 1.00 (ref) -
1 8.74 (7.18, 10.65) <0.001 8.20 (6.72, 10.00) <0.001
c OA severity (KL Grade), malalignment, meniscal damage, meniscal extrusion, and
ade 0 or 1) within the same TFJ compartment at 30 months for TFJ compartments






1.00 (ref) - 1.00 (ref) -
3 1.75 (1.22, 2.51) 0.002 1.70 (1.17, 2.45) 0.005
c OA severity (KL Grade), malalignment, meniscal damage, meniscal extrusion, and
